The potential of a moving bed biofilm reactor (MBBR) in full scale has been investigated as an 2.76 ± 0.22-1.48 ± 0.18 h, respectively. Effluent concentrations under this operation condition were well below the discharge limits for irrigation water. Therefore, the MBBR process is a good alternative for upgrading wastewater plants especially when there is inadequate space or modifications are needed that will require large investment.
INTRODUCTION
Kish is a 91.5-square-kilometre resort island in the Persian Gulf. It is part of the Hormozgan province south of Iran.
Due to its free trade zone status it is touted as a consumer's paradise, with numerous malls, shopping centers, tourist attractions and resort hotels. It has an estimated population of 20,000 residents and about one million tourists annually. were investigated during these periods. Table 1 shows the different characteristics of Markazi wastewater treatment plant before and after upgrading. Table 2 represents influent and Table 3 shows characteristics of the plastic media used in MBBR for retrofitting purpose.
Analytical methods

Analysis of COD, pH, TSS, BOD 5 , MLSS, MLVSS and SVI
were carried according to Standard Methods (APHA et al.
).
RESULTS AND DISCUSSION
Effect of influent flow rate on performance of ASP and ). Despite this increase, 
Effect of upgrading to MBBR on OLR
The results in Figure 1 
Effect of upgrading to MBBR on MLSS and MLVSS
The MLSS and MLVSS of both systems were determined regularly at different SRT. According to Figure 1 
Effect of upgrading to MBBR on SRT
The concentration of biomass is expressed as g VSS L
À1
media to be able to calculate the SRT. SRT of the ASP and MBBR was calculated according to the following equation:
where V is the reactor volume; X is the average biomass con- the MLSS concentration will be high and there will be a tendency to develop nitrification (Stantec team ).
Effect of upgrading to MBBR on SVI
The conventional way of monitoring for sludge settleability is by determining the SVI. In a conventional activated sludge plant (with MLSS <3,500 mg L À1 ) the normal range of SVI is 50-150 mL g À1 . A high SVI (150 mL g À1 )
indicates bulking conditions, whereas an SVI below 70 mL g À1 indicates the predominance of pin-point (small) flocs. In pin-point flocs, filamentous bacteria are absent or occur in low numbers. This results in small flocs that do not settle well. The secondary effluent is turbid despite the low SVI (Bitton ). SVI variation before and after upgrading was investigated (Figure 1(g) ). According to the results, the average SVI of ASP was 135 ± 37.3 mL g À1 and in the MBBR process was 29.2 ± 3.81 mL g À1 . Although sludge settleability after upgrading is lower than before upgrading, this caused no disagreeable effect on effluent and it was still remained below the regulation value for irrigation water.
The biofilm system, like the activated sludge process, also needs the sedimentation process to separate treated effluent from the microbial flocs. It is well known that the settling characteristics of microbial floc in a biological treatment system are important because they affect both treatment efficiency and the surface of the settling tank (Bailey et al. ) .
Further, it has been reported that the settling characteristics of the MBBR sludge were poorer than the activated sludge (Leiknes & Ødegaard ) .
Effect of upgrading to MBBR on final clarifier hydraulic load rate and retention time 
CONCLUSION
The MBBR process has successfully operated for upgrading an overloaded activated sludge wastewater treatment plant (average flow influent from 1,049 ± 88 to 1,944 ± 275 m 3 d À1 ). This process is effective for upgrading the wastewater treatment plant for domestic wastewater with COD <500 mg L À1 at short hydraulic retention times (HRT ≈ 6 h) and allowing high solid retention times (SRT ≈ 23 d). The MBBR process has good contact between wastewater and microorganisms without clogging and channeling. Also, it is a good alternative for upgrading wastewater plants especially when they have inadequate space or need modification that will require large investment. Effluent concentrations under this operation condition were well below the discharge limits for irrigation water.
